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I n t r o d u c t i o n  

Th i s  t e c h n i c a l  note  i s  an attempt t o  redocument t h e  FEB t r anspor t  l i n e  as 

beam s i z e s  observed on "U" l i n e  f l a g s  do not compare.'well with t h e  ca l cu la t ed  

beam s i z e s .  Magnet l oca t ions  w e r e  checked and compared with the  loca t ions  i n  

t h e  FEB manual. Flags were removed and measured. In most cases  new f l a g s  were 

r e i n s t a l l e d .  Power supply and magnet information was obtained from the  EAG 

magnetics s e c t i o n  and compared with observed magnetic information.  The beam 

pipe  s i z e  w a s  measured along the  U l i n e .  The e f f e c t s  of t h e  c o r r e c t i o n  sextu- 

pole  being a t  t h e  wrong p o l a r i t y  and UQ8A being run a t  a very high cu r ren t  were 

s tud ied  . 

Magnet and Power Supply Data 

F igu re  l a  - l e  shows a p r i n t e d  output from t h e  program QTUNE which l i s t s  

t h e  c h a r a c t e r i s t i c s  of t h e  U l i n e .  A drawing of t h e  beam l i n e  i s  shown i n  

F igu re  8. The magnet s tee l  lengths  were a l l  measured. The e f f e c t i v e  lengths  

were obtained from t h e  magnetics group o r  es t imated.  The magnet spacings w e r e  

measured when poss ib l e  and compared wi th  the  FEB manual. The t r i m  magnets and 

new magnets were loca ted .  No major d i screpancies  were found between t h e  FEB 

manual. and the  "U" l i n e .  F igure  la-b shows the  magnet e f f e c t i v e  lengths ,  loca- 

t i o n s ,  types  and aper tures .  The f l a g  l o c a t i o n s  are given. The power supply 

informat ion  i s  shown wi th  the  maximum power supply cu r ren t .  F igure  l c  r epea t s  

some information i n  l a  - l b  and a l s o  g ives  t h e  magnetic f i e l d  da ta .  This d a t a  

i s  expressed as a power series and i s  v a l i d  f o r  a l l  c u r r e n t s  from zero t o  the  

maximum magnet cu r ren t  l i s t e d .  The quadrupole grad ien t  d a t a  was  obtained from 

e x c i t a t i o n  curves and t h e  e f f e c t i v e  length .  

obtained i n  a s imi l a r  manner. 

The d ipo le  KG-IN information was 
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I), For example, a quad gradien t  i s :  

G = A + A I I  + A 2 1  2 + A31 3 + A414 kG/in 
0 

with the  cu r ren t  i n  kiloamps. 

w i th in  k 0.4% i n  most cases  and * 2% i n  the  worst case. 

The power series r ep resen t s  t h e  d a t a  suppl ied 

F igure  Id - l e  shows c a l c u l a t e d  information assuming t h e  power supp l i e s  

are at  a given AGAST s e t t i n g .  

of F igures  3 and 6. 

reading--213A i s  -213. The cu r ren t  and f i e l d  information i s  ca l cu la t ed  from 

t h e  cons tan ts  of F igure  l a  - IC. As t h e  no te  i n  Figure l e  exp la ins ,  t h e  gain 

of the  elements (GEL) i s  the  bend angle  of t he  d ipo le s  o r  t he  g rad ien t  of t h e  

quads wi th  t h e  proper  s i g n  f o r  a h o r i z o n t a l  o r  v e r t i c a l  focusing quad. 

Figure le ,  c e r t a i n  u s e f u l  v a r i a b l e s  a v a i l a b l e  on AGAST and ca l cu la t ed  by t h e  

QTUNE program are def ined.  

ters  ca l cu la t ed  by the  program. 

t h e  "QTUNE" program. 

The s e t t i n g s  l i s t e d  a r e  a l s o  used f o r  t he  groups 

A nega t ive  command o r  readback corresponds t o  an AGAST "A" 

On 

A l l  AGAST names having a "%" c h a r a c t e r  are parame- 

Fur ther  information can be found on a paper on 

F igure  I f  shows t h e  l o c a t i o n  and power supply information f o r  t h e  "U" l i n e  

The t r i m  magnet information i s  not  used t o  c a l c u l a t e  beam s i z e s .  t r i m  magnets. 

A l l  d ipo le  o r  p i t ch ing  t r i m  magnets i n  t h e  "U" l i n e  are 6.75D25 magnets. 

cons tan ts  f o r  t h i s .  magnet are: 

The 

A = 0.09519696 E f f .  length = 30.75 inch 

A1 = 103.4235 Max. magnet cu r ren t  = 0.60 kA 
A2 = -22.57931 

A3 = 172.3323 

A4 = -220.1772 

16 

2 3 KG-In = A + A I + A21 + A I f o r  I i n  kiloamps. 0 1  3 

The power supp l i e s  were c a l i b r a t e d  i n  June 1981 by Joe  LeLaidier ,  an EAG 

technic ian .  The magnetic f i e l d s  were measured i n  most magnets l a te r  i n  June, 

but a t  a d i f f e r e n t  AGAST s e t t i n g  from Figure 1 with t h e  B e l l  Gaussmeter. The 

probe w a s  he ld  next  t o  t h e  pole  t i p s  by Ken Reece. 

RDBK t h a t  gave t h e  most accu ra t e  power supply c a l i b r a t i o n ,  t he  magnetic f i e l d s  

w e r e  ca l cu la t ed  i n  t h e  "U" l i n e  magnets. 

using measured pole  t i p  r a d i i .  

a r e  KG/in2. 

magnet covers o r  t i g h t  spaces prevented p u t t i n g  the  probe i n  t h e  magnet gap. 

F igure  2 shows la rge  e r r o r s  f o r  UQ7, UQ8A and t h e  c o r r e c t i o n  sextupoles  USlA 

and U S l B .  

Using t h e  AGAST CMD o r  

The r e s u l t s  are shown i n  F igure  2 

For the  sex tupole  USlA,  t he  g rad ien t  dimensions 

The pole  t i p  f i e l d s  f o r  UQ12, 13 and 14 were not  measured because 
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Beam s i z e s  i n  t h e  FEB l i n e  can now be measured only from f l a g  measure- 

ments. 

TV monitor may observe the  beam s t r i k i n g  the  f l ag .  

a r e  t i l t e d  i n  the  v e r t i c a l  plane. 

plane. To compensate for  t he  tilt, the  g r a t i c u l e  spacing i n  the  tilt  plan i s  

1.41 times the  e f f e c t i v e  spacing as observed on the TV monitor. A l l  "U" l i n e  

f l ags  have been measured and most have been replaced with new f l ags .  

was found t o  be mounted inco r rec t ly  i n  J u l y  1981, so t h a t  t he  long dimension 

was not i n  the  tilt  plane. I n  most cases,  t he  g r a t i c u l e s  appear about one inch 

apar t  on the  TV s o  t h a t  a beam j u s t  touching a l l  four marks would be a one inch 

by one inch beam. 

The following t a b l e  shows the  f l a g s  now (October 1981) and as they were i n  May- 

June 1981 and perhaps for  severa l  years before 1981. 

a t  273 f e e t  but i s  l abe l l ed  on the  f l a g  as 303. 

shor t e r  303 instrument box i n  the  273 loca t ion  when the  replacement sextupoles 

were used near the  8 degree magnets. 

The f l a g s  a r e  r a d e l i n  t h a t  are mounted a t  a 45 degree angle so tha t  a 

Except f o r  U799F a l l  f l a g s  

Flag U799F i s  t i l t e d  i n  the  hor izonta l  

One f l a g  

Some f l ags  have holes  and one f l a g  has a ho le  and no marks. 

The f l a g  273F is  located 

It w a s  necessary t o  use the  

U15F, U380F U165F, U273 (303) U618F, U667F, U772F, U799F 
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a ( W  

U15F 2.0 

Hole U15F 1.31 

U380F 1 .o 
Hole U380F 1.38 

U165F 

Hole U165F 0.75 

U273 (303) 0.78 

Hole U273(303) 0.47 

OLD DIMENSIONS 

Actual  On TV 

-- b(BH) a(AH) 

1.25 2.0 

0.63 1.31 

1.42 1.0 

0.4 1.38 

NO GRATICULES 

1 .o 0.75 

1.51 0.78 

1.69 0.47 

b(BH) 

0.88 

0.44 

1.0 

0.28 

0.70 

1.07 

1.20 

CURRENT DIMENSIONS 

Actual  On TV 

a(AH) 

2 .o 
1.31 

1.02 

1.31 

0.75 

0.7 

0.44 

( A l l  Dimensions i n  Inches)  

OLD DIMENSIONS 

Actua l  On TV 

b - a - b - a - 
U6 18F 1.4 1.0 1.4 0.7 

U667F 1.02 1.35 1.02 0.96 

U772F 1 .o 1.38 1.0 0.98 

U799F 1.37 1.0 0.97 1.0 

U 8  15F NO GRATICULES - 0.625 D I A .  

-- b(BH) a(AH) 

1.25 2 .o 
0 . 6 3  1.31 

1.41 1.02 

0.37 1.38 

NO GRATICULES 

1.0 0.75 

1.5 0.7 

1.62 0.44 

b (BH) 

0.88 

0.44 

1.0 

0.26 

0.70 

1.06 

1.15 

CURRENT DIMENSIONS ( 10 /8 1) 

Actual  On TV 

b - a - b - a - 
1.0 1.38 1.0 0.98 

1 .o 1.25 1.0 0.88 

1.0 1.38 1.0 0.98 

1.38 1 .o 0.98 1.0 

NO GRATICULES - 0.625 D I A .  

11 U I1 Line  F lag  Dimensions 

The b e s t  known input  beam i s  used t o  c a l c u l a t e  t he  beam widths i n  t h e  U 

l i n e .  Weng'sl input  emit tance f o r  the  new H5 e x t r a c t i o n  system i s  used with 

input  momentum d i s p e r s i o n  and input  momentum spread i n  t h e  h o r i z o n t a l  plane.  

The emit tances  l i s t e d  i n  the  FEB manual, used by Weng, and used i n  the  QTUNE 

program are l i s t e d  on t h e  next page. 
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H 1 3  Input  FEB Emittance 

FEB Manual Weng QTUNE 

-5.67 -5.67 -5.67 - - a 
X 

X 

X 

x 

2.62 in/mrad - - - 5.746 cm/mrad - - 57.46 m/rad - B 
E = 0.12 cm-mrad(0.0472 in-mrad)  

--- 1.5 x 10-6m-rad(0.5906 in-mrad) = 0.006412 in-mrad rms - - E 

c 0.12% - A P/P = --- 0.12% - 
--- -2.96 m/ra t io  (-2.96 cm/%) = -1.165 i n / %  - - X 

x1 - - -295 mrad l r a t io  (-2.95 mrad/%) = -2.95 mrad/% 
P 

P 

Y 

Y 

0.987 0.987 0.987 - - a 

- 3.7 m/rad = 0.370 cm/mrad = 0.1457 in/mrad - 
0.186 cm-mrad(0.0732 in-mrad)  - - 

B 

- - E 
Y 

1 .5  x m-rad(0.0590 in-mrad) = 0.006412 in-mrad rms 

Weng used a s l i g h t l y  d i f f e r e n t  h o r i z o n t a l  emit tance from t h e  FEB manual 

s i n c e  he  a l s o  included momentum spread and d ispers ion .  Some beam s i z e s  were 

f i r s t  ca l cu la t ed  us ing  TRANSPORT t o  check the  QTUNE program. The r e s u l t s  com- 

p a r e  very accu ra t e ly .  The QTUNE program w a s  used t o  p l o t  graphs s i n c e  t h i s  

program takes  the  information d i r e c t l y  from an AGAST d i sp lay .  For h i s t o r i c a l  

reasons QTUNE uses  the  inch system and t h e  rms emit tance and p l o t s  beam s i z e s  

and make c a l c u l a t i o n s  f o r  a 99% beam. The program a l s o  p l o t s  t he  momentum 

d i s p e r s i o n  parameters along t h e  beam l i n e .  

= 9.2103 E 
r m s  rms E (99% beam) = -2 In  (0.01) E 

beam width (99% beam) = 3.0348 (beam width f o r  r m s  beam). 
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Beam S i z e  Resu l t s  

The fol lowing d i scuss ion  uses  beam h a l f  s i z e s .  Using the  b e s t  known f l a g  

s i z e s ,  as measured by J . W .  Glenn, t he  observed beam s i z e s  were: 

F lag  

U15 

U 165 

U273 

U380 

U6 18 

U667 

U772 

u799 

U 8  15 

Hor i zon ta l  ( inch)  

0.67 

? 

0.35 

1.0 

0.35 

0.28 

0.87 

0.25 

0.030 

V e r t i c a l  ( i nch )  

0.28 

0.70 

0.60 

0.60 

1.37 

1.15 

0.28 

0.60 

0.020 

Figure  3a - 3c show t h e  ca l cu la t ed  beam s i z e s  i n  t h e  "U" l i n e  using t h e  

AGAST s e t t i n g s  and f i e l d  expansions of F igure  1. P r i n t e d  below t h e  curve on 

Figure  3a  are t h e  AGAST s e t t i n g s  and the  ca l cu la t ed  parameters t h a t  are def ined 

on Figure  le .  The observed beam s i z e s  are marked as c rosses .  Figure 3 a  also 

shows t h e  c a l c u l a t e d  va lue  of t h e  momentum d i spe r s ion  parameters X 

along t h e  beam l i n e .  For c l a r i t y ,  t hese  w e r e  l e f t  o f f  Figures  3b and 3c.  A l l  

curves  are with t h e  same AGAST s e t t i n g s  of Figure 1. A f t e r  t h e  8 degree mag- 

n e t ,  t h e  momentum d i spe r s ion  parameters are: 

and X' 
P P 

X = 0.339 in /% X '  = -2.04 m r / %  
P P 

These parameters are U8%m and U8%MP. For a d i s p e r s i o n l e s s  l i n e  a f t e r  

t h e s e  magnets, t h e s e  va lues  should both be zero.  Wengl shows t h a t  it i s  nece 

s a r y  t o  change t h e  beam l i n e  upstream of t h e  8 degree magnets t o  achieve t h i s  

s i n c e  t h e  "U" l i n e  has  i n i t i a l  momentum d i spe r s ion .  

F igure  3 shows a l a r g e  e r r o r  between the  ca l cu la t ed  v e r t i c a l  h a l f  s i z e  and 

observed s i z e  i n  most of t h e  beam l i n e .  The parameters TG%UH and TG%UV show 

t h a t  t h e  ca l cu la t ed  beam h a l f  s i z e s  at  t h e  t a r g e t  are 0.256 and 0.076 inches 

which does not  agree with t h e  f l a g  s i z e s .  The cause f o r  t hese  e r r o r s  i s  not 

known, but  some poss ib l e  causes w e r e  i nves t iga t ed .  
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Dipole - 

Figure  4 and t h e  following t a b l e  show t h a t  s m a l l  changes i n  UQll-UQ14 w i l l  

make t h e  ca l cu la t ed  beam s m a l l  of t h e  t a r g e t .  The s m a l l  c a l cu la t ed  beam of 52 

by 25 m i l s  i s  g r e a t e r  than t h e  observed 30 by 20 m i l  beam. 

Sext .  Sext.  - Dipole 

N ame 

U Q l l  

UQ 12 

UQ 13 

UQ 14 
Horiz .  Half S i z e  

V e r t .  Half  S i ze  

AGAST S t a r t  AGAST Small Beam Percent  Change 

435B 5 14B 18.0 

29 16A 26898 - 7.8 

2746A 25 11A - 8.6 

1894B 1963B 3.6 

0.257 inch 0.053 inch  

0.076 0.025 

Sextupole  Resu l t s  

The e f f e c t  of t h e  c o r r e c t i o n  sextupoles  i n  the  FEB l i n e  were inves t iga t ed  

t o  t r y  t o  exp la in  t h e  f l a g  d iscrepancies .  Second o rde r  TRANSPORT was used t o  

determine sex tupole  e f f e c t s .  A s i m p l i f i c a t i o n  was made, as shown below, t o  

sepa ra t e  t h e  8 degree d ipo le  i n t o  a sho r t  d ipo le  followed or  preceeded by a 

s h o r t  sex tupole .  Both s h o r t  magnets had double t h e  a c t u a l  magnetic f i e l d .  

Dipole  = 2581.008 KG-in 
Dipole  = 34.413 KG 
Sextupole  = 1.731 KG 1.731 KG 
Sextupole  = 0.4328 KG/in2 
Sextupole  Radius = 2.0 inch  

2581.008 KG-in 
34.413 KG 

0.4328 KG/in2 

Actual  Phys ica l  System 

Dipole  = 68.82688 KG 
Sextupole  = 3.4622 KG 

Dipole = 68.8268 KG 
Sextupole = 3.4622 KG 

Svstem Used f o r  "ransnort  
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* 
i 

I 

a 

I 

a 

The sextupole  f i e l d  i n  t h e  8 degree magnet i s  not w e l l  known. The follow- 

ing  t a b l e  g ives  the  f i e l d s  i n  t h a t  magnet and t h e  e x t e r n a l  shimmed sextupole  

US 1A. 

8 Degree Correc t ion  Coi l  

Aar = 0.00194 0.13574 

A1 = 2.317825 1.3395 

A2 - - - 0.040949 

A3 - - - 0.35138 

A4 = 8 - 0.243625 

E f f e c t i v e  Length = 75 inch 26.06 inch 

P o l e  Tip  Radius = 2 . 0  inch 2.063 inch  

Ex te rna l  Shimmed Sextupole  

0.66 138 

- 0.89414 

Sextupole  Gradient  Sx Table  

The g rad ien t  can be found from: 

= A + A I I  + A212 + A313 + A414 KG/in2 f o r  I i n  kiloamps. 
sx QI 

The 8 degree d ipo le s  produce a sextupole  e r r o r  f i e l d  t h a t  adds t o  t h e  

d i p o l e  f i e l d  on the  h o r i z o n t a l  midplane. 

i s  up t o  bend protons t o  t h e  east ,  t he  equivalent  sextupole  i s  as shown 

Since the  d ipo le s  have a f i e l d  t h a t  

Eauiva len t  SextuDole Produced bv t h e  8 Degree DiDoles 
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TRANSPORT cons iders  t h i s  sex tupole  a nega t ive  sextupole .  The e x t e r n a l  and 

i n t e r n a l  c o r r e c t i o n  sex tupoles  must have t h e  oppos i te  p o l a r i t y .  

Figures  5a - 5b give the  TRANSPORT da ta  f i l e  f o r  t he  e x t e r n a l  sex tupoles  

a t  t h e  c o r r e c t  p o l a r i t y  t o  cance l  t h e  d ipo le  e r r o r  f i e l d .  The r e s u l t s  of sev- 

eral  computer runs a r e  shown i n  Figure 6 f o r  the  beam l i n e  s t a r t i n g  at  t h e  

f i r s t  c o r r e c t i o n  sex tupole  upstream of t h e  8 degree magnets. The power sup- 

p l i e s  are set a t  t h e  same va lue  as i n  Figure 2. Curve 1 i s  a f i r s t  o rder  ca l -  

c u l a t i o n  o r  a second order  c a l c u l a t i o n ,  with no sex tupoles  which a l s o  i s  t h e  

same as Figures  3a - c. Curve 2 shows the  e f f e c t  of s h o r t e r  d ipo le s  at twice  

t h e  f i e l d  and no sex tupoles .  Curve 3 assumes t h a t  t h e  c o r r e c t i o n  sex tupoles  

are o f f  but the  d ipo le  e r r o r  sex tupoles  are on. Curves 4 and 5 show the  cor- 

r e c t i o n  sextupoles  on a t  t h e  c o r r e c t  and wrong p o l a r i t i e s .  It should be noted 

t h a t  curves 3-5 are v a l i d  f o r  e i t h e r  p o l a r i t y  of t h e  d ipo le  e r r o r  f i e l d .  Curve 

4 shows t h a t  t he  c o r r e c t i o n  sex tupoles  do cancel  t h e  e f f e c t  of t h e  e r r o r  f i e l d .  

The only d i f f e rence  occurs  down near  Q l l  i n  t he  h o r i z o n t a l  plan and t h i s  d i f -  

f e r ence  i s  less than  0.030 inches.  These c o r r e c t i o n  sex tupoles  are a l s o  a t  a 

f i e l d  12  percent  too  s t rong  t o  cancel  the  d ipole  e r r o r  as shown below: 

x length  
sX a (radius)L 

S = 32.46 KG/in f o r  8" e r r o r  

= 36.34 KG/in f o r  USlA 

X 

sX 

The c rosses  show the  measured beam s i z e s .  It can be seen t h a t  i f  t h e  

c o r r e c t i o n  sex tupoles  were a t  t h e  wrong p o l a r i t y ,  some v e r t i c a l  e r r o r s  could be 

explained. However, t he  curves show t h a t  t he  h o r i z o n t a l  beam would a l s o  blow 

up and t h i s  w a s  not  observed. One can conclude t h a t  t h e  sex tupoles  were op- 

e r a t i n g  a t  t h e  c o r r e c t  p o l a r i t y .  

Varying UQ8A 

The quadrupole UQ8A i s  a v e r t i c a l  focusing quad t h a t  had a l a r g e  e r r o r  

between ca l cu la t ed  and measured g rad ien t s  as shown i n  Figure 2. Figure 7 shows 

t h e  e f f e c t  of i nc reas ing  t h e  cu r ren t  i n  t h a t  magnet. For a cu r ren t  of 0.70 KA, 

the  v e r t i c a l  beam f i t s  i n s i d e  the  beam pipe and approaches the  observed beam a t  

618F and 667F. This cu r ren t ,  however, i s  46 t i m e s  t h e  assumed cu r ren t  and 
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: *  
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e l a r g e r  than  t h e  maximum cur ren t  from AGAST f o r  4000 counts  (0 .25  I?&. This  

cu r ren t  i s ,  however, less an the  magnet r a t i n g  of 1.2 kA. This  e f f e c t  i s  not 

understood, bu t  another  poss ib l e  cause could be the  e x c i t a t i o n  of spare  magnets 

e x i s t i n g  i n  t h e  U l i n e .  
I 

For example, UQ8B i s  28.8 f e e t  downstream of UQ8A and 

cab le s  are connected t o  t h e  c o i l s  of t h i s  magnet. 

Conclusions 

The e r r o r s  o r  d i sc repanc ie s  of Figure 3 have not  been s a t i s f a c t o r i l y  ex- 

p la ined .  Magnetic f i e l d  measurements should be repeated.  The unused magnets 

should be checked t o  confirm t h a t  they are not energized.  I f  t h e  beam l i n e  

information can be v e r i f i e d ,  a new H 1 3  emit tance may be needed t o  produce a 

c a l c u l a t e d  beam s i m i l a r  t o  t h e  observed beam. 
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